The profile of endogenous cytokinins in a genetic tumor line of tobacco, namely, Nicotiana glauca (Grah.) x Nicotiana langsdorffii (Weinm.), following 1 to 10 weeks of growth on solid medium was determined by radioimmunoassay. 3H-labeled cytokinins of high specific activity were added during tissue extraction to correct for the purification losses. Following subculture (of 4-week-old tissues when their cytokinin content is high) onto fresh medium the total cytokinin content continued to be high during the first week (1470 'picomoles per gram fresh weight) when the tissue fresh weight remained essentially unchanged (lag phase). The cytokinin levels then declined by about half in 2-and 3-week-old tissues (626 and 675 picomoles per gram fresh weight, respectively), a period when rapid increase in tissue fresh weight was recorded. Increments of 840% and 2780% over initial fresh weight were obtained in 2-and 3-week-old cultures, respectively. The cytokinin content then increased to initial high levels in 4-weekold tissues (1384 picomoles per gram fresh weight) after which it gradually declined with tissue age. The lowest cytokinin levels (432 picomoles per gram fresh weight) were observed in 10-week-old tissues. Maximal tissue fresh weight (4030% increase over initial fresh weight) was recorded in 5-week-old cultures after which it decreased slowly to 77.5% of the highest tissue fresh weight in 10-week-old cultures. Zeatin appeared to be the dominant endogenous cytokinin in tissues of all ages. Other cytokinins quantified were dihydrozeatin, zeatin riboside, and dihydrozeatin riboside; the values may include contributions from aglucones derived from the hydrolysis of corresponding O-glucosides, since the entire basic fraction was treated with j-glucosidase before analysis. In addition the levels of isopentenyladenine, isopentenyladenosine, and the nucleofides of zeatin riboside, dihydrozeatin riboside, and isopentenyladenosine were also determined.
specific hybrids, particularly in Nicotiana spp., without any apparent external cause (9) .
Phytohormone imbalance has also been implicated in the induction and maintenance of these tumors (3) . A recent study from this laboratory has indicated that endogenous cytokinins may play a role in tumorigenesis in Nicotiana hybrids (16) . The cytokinin complex of 3.5-week-old genetic tumor tissues ofNicotiana glauca x langsdorffii and Nicotiana suaveolens x langsdorffii has previously been identified and the individual cytokinins quantified using deuterium-labeled internal standards and GC-MS (15) (GJM de Klerk, in preparation). Since the cytokinin content of tissues is known to change substantially during culture (12) , it was felt important to estimate the cytokinin content of at least one line of in vitro cultured genetic tumors oftobacco. Thus, tissues derived from Nicotiana glauca x langsdorJffi hybrids have been examined for their cytokinin content over a 10-week period following subculture, and an attempt has been made to relate this with callus growth.
MATERIALS AND METHODS

Plant Material
Genetic tumor callus line of tobacco was initiated from crown tumors formed on Nicotiana glauca (Grah.) x Nicotiana langsdorffii (Weinm.) hybrid plants as reported earlier (21) . Cultures were maintained in 250 mL Erlenmeyer flasks containing 100 mL of auxin and cytokinin free medium (10) solidified with 0.8% (w/v) agar. The tissues were kept at 26°C in the dark and subcultured every 4 weeks.
Plant tissues normally require the addition of auxin and cytokinin to the basal medium for growth in vitro. However, axenic tissues obtained from crown gall or genetic tumors can be cultured on phytohormone-free nutrient medium. While a portion of the bacterial transferred-DNA (from Agrobacterium tumefaciens) is responsible for the synthesis of enzymes for auxin and cytokinin production in crown gall tissues (12, 20) 
Determination of Growth Curve
For establishing a growth curve, three pieces (about 2 g fresh weight) of 4-week-old tissues were transferred into 250 mL Erlenmeyer flasks containing 100 mL of medium. The flasks were maintained in darkness at 26°C for up to 10 weeks. At the end ofeach week tissue was harvested from a minimum of five flasks and total callus yield from each flask determined. All manipulations were carried out under aseptic conditions, and the tissue from various flasks was gently mixed following harvest and an appropriate amount removed for subsequent estimation of cytokinin levels by RIA and for some other studies ( 15 .~~~~. I_- HPLC HPLC was performed with equipment supplied by Waters Associates (Milford, MA) and details have been described elsewhere (22) . The samples were purified either on a Zorbax C-8 semipreparative column (9.4 x 250 mm; Du Pont) eluted isocratically with 70% methanol (v/v) at the flow rate of 4 mL/min, or on a ,uBondapak C-18 column (7.8 x 300 mm; Waters) eluted isocratically with 20% methanol (v/v) at the flow rate of 3.0 mL/min. All solvents (containing 1% acetic acid, v/v) were HPLC grade and were filtered before use. Fresh weight data were obtained as described in the text and values for total cytokinin content have been taken from Table I .
Other Chromatographic Procedures Details of chromatographic procedures for purification of cytokinins using paraffin-coated, silica gel columns and Baker columns ( Fig. 1 ) have been described earlier (6, 8) .
Enzymatic Hydrolysis and Chemical Treatment
The entire basic fraction obtained after cellulose phosphate chromatography, which would include O-glucosides of Z, (Fig. 1) . Therefore, the values quoted in Table I Table I that following subculture onto fresh medium the total cytokinin content remained unchanged during the lag phase (note similar levels in 0-and 1-week-old tissues; Fig. 2 (Fig. 2) . The most rapid increase in total cell number per flask occurred between week 2 and 3 (coinciding with the time of most rapid increase in fresh weight) after which the total cell number remained nearly constant up to week 6 and then gradually declined (15) . However, the total fresh weight continued to increase up to week 5 (Fig. 2) ; the increase in fresh weight after week 3 is due largely to cell enlargement rather than cell division. This is supported by the data on cell size; initially in 1-to 3-week-old tissues there were more smaller cells whereas later in the culture period (4-week and older tissues) the percentage oflarger cells increased (15 (Fig. 1) . The per cent recovery of all 3H-labeled compounds added during purification is shown in Table I . was used to correct for the purification losses of all nucleotides. As expected the recovery of cytokinin bases was lower than that of ribosides.
DISCUSSION
The RIA data indicate that in vitro cultured genetic tumor tissues of N. glauca x langsdorffii produce a number of endogenous cytokinins. These include iP, Z, (diH)Z, and their respective ribosides and nucleotides; Z would appear to be the dominant endogenous cytokinin in this tissue. Substantial amounts of (diH)[9R]Z were also detected by RIA in tissues of all ages; these may have possibly resulted from (diH OG)[9R]Z, since the complete basic fraction was treated with 13-glucosidase before analysis. It should be noted that (diH)[9R]Z was not identified in extracts of 3.5-week-old tissue by GC-MS in a separate study (15) . High levels of Z and (diH)Z cited in Table I (11, 14, 27, 28) including partially synchronized cultures (17) . (b) The cytokinin estimation in a number of these studies was confined to only a few days after subculture, usually less than 18 days. (c) In none of these studies (1 1, 14, 17, 25, 27, 28) was the entire cytokinin complex determined, usually the estimations have been confined only to one or two individual cytokinins. (d) Many of the reported studies are based on bioassay estimations (11, 17, 25) . (e) No attention has been given to purification losses which can be varied and substantial; with one exception (14) (7), using HPLC and immunoassay, were unable to detect the presence of any cytokinins in a cytokinin-independent, normal tobacco cell line. It can be seen from Figure 2 that high cytokinin levels were found immediately following the period of most rapid increase in fresh weight. This, however, is at slight variance with reports on growing cultures of sycamore (11) , pea (25) , tobacco (17) , and some crown gall cultures (7, 14, 26, 28) which reported high levels during the early part of exponential growth; the levels had declined considerably well before maximal fresh weight was recorded, and continued to decline through the stationary phase. The observed differences could be attributed to a number of reasons as described previously. A somewhat different profile of cytokinin accumulation was observed for crown gall cells of Beta vulgaris in which the cytokinin levels peaked toward the end of growth (27) as in the present study. The endogenous cytokinin content of a tissue at any given time will depend on the rates of biosynthesis and utilization (degradation). In this context relatively high cytokinin levels observed at week 4 may have resulted from higher rates of cytokinin biosynthesis. This is in accord with the observations of Palni et al. (23) who found that in Datura innoxia crown gall tissue maximal [14C]adenine incorporation into cytokinins coincided with the time of rapid increase in callus fresh weight after which the rate of cytokinin biosynthesis declined rapidly. This may explain the decline in total endogenous cytokinin levels observed in this tissue after week 4 (Fig. 2) . Relatively low levels observed in 2-and 3-week-old tissues may reflect lower rates of biosynthesis and much higher rates of utilization.
